Plasma samples were obtained before and during parturition from conscious rats implanted chronically with a jugular cannula. Rats were either allowed to remain in their nesting cage throughout parturition, or were moved immediately following the birth of the second or third pup into an empty glass chamber. The time-course of parturition was prolonged for mother rats which were moved in mid-parturition to this unfamiliar environment. However, in rats given an i.v. injection of the opioid antagonist naloxone at the time of transfer, parturition followed a normal ti me\x=req-\ course, and plasma oxytocin levels were significantly higher than in animals injected with saline. Thus our hypothesis is that stress activates opioid pathways which delay parturition by inhibiting oxytocin release. Opioid-mediated mechanisms may similarly be responsible for some problems in human parturition.
INTRODUCTION
On the afternoon of day 21 of gestation, pregnant rats usually give birth to between six and fourteen pups over about an hour. During this time oxytocin is released from the neurohypophysis to stimulate con¬ tractions of the uterus, which at this time has a very high density of oxytocin receptors (Fuchs, 1969; Fuchs & Poblete, 1970; Summerlee, 1981) . The nor¬ mal course of parturition can, however, be severely disrupted by environmental stress. In mice (Newton, Foshee & Newton, 1966; Newton, Peeler & Newton, 1968) and in rats (Leng, Mansfield, Bicknell et al. 1985) , moving the mother from her nesting cage to an empty glass chamber in mid-parturition can greatly delay the subsequent delivery of young.
The mechanisms of this stress-induced disruption of parturition are not known. One possibility is that this disruption is mediated, at least in part, by the actions of endogenous opioids. Intravenous or intraventricu¬ lar administration of morphine certainly results in a dramatic prolongation of parturition in rats, accom¬ panied by reduced levels of circulating oxytocin (Cutting, Fitzsimons, Gosden et al. 1985 ; Gosden, Humphreys, Johnston et al. 1985) . This disruption of parturition in rats injected with morphine can be reversed by infusions of oxytocin (Cutting et al. 1985) . Several opioid species are present within the hypothalamo-neurohypophysial system (for review see Bicknell, 1985) . When released they suppress the secretion of oxytocin (Clarke, Wood, Merrick & Lincoln, 1979; Bicknell & Leng, 1982) , and there is evidence for an influence of endogenous opioids on normal parturition in the rat (Leng et al. 1985; Jones & Summerlee, 1986 ). The present study sought evi¬ dence for a physiological role of these endogenous opioids in parturition, and in particular during stressinduced disruption of parturition. Some of the results have been published previously in abstract form (Leng, Bicknell, Mansfield & Dyer, 1986 Dyer, Weick, Mansfield & Corbet, 1981) to allow a cannula to be placed in the jugular vein. The rats were watched continuously thereafter and the time of delivery of every pup was noted.
A pilot study was performed, in which no blood samples were taken, involving two groups of rats. Immediately after the birth of the second pup, the rats were transferred from their cage into a glass obser¬ vation chamber (disturbed rats), and were given an i.v. injection of either the opioid antagonist naloxone (Du Pont U.K. Ltd; 2 mg naloxone hydrochloride/kg body weight) or an equivalent volume of saline.
The interval between the birth of the first and second pups was found to be very variable in these experiments, and so for the main study involving blood sampling the experimental protocol was changed and rats were moved after the birth of the third pup.
Two groups were moved after the birth of the third pup, and were given naloxone or saline at this time. (Higuchi, Honda, Fukuoka et al. 1985 14, omitting one rat for which the interval between pups three and four exceeded 90 min), while the inter¬ val between pups three and four was significantly shorter than that between pups two and three in the naloxone-treated disturbed rats (mean difference 7-2 + 4-2; «=13): these differences were significantly (P<005) different between the two groups. In rats which were given naloxone at the time of transfer, the time-course of parturition was indistinguishable from that in undisturbed rats, whereas giving naloxone to rats which were not transferred did not affect the over¬ all time-course of parturition (Fig. 1) . Thus naloxone produced a significant effect upon parturition only in the disturbed rats, and in these rats it completely eliminated the disruption produced by transfer into a glass chamber. of the fourth, fifth and sixth pups showed higher oxytocin levels than samples taken at the same births in the saline-treated disturbed rats (average of the hor¬ mone levels for the three births: 105-4+16-9 pmol/1, « = 12 vs 60-8 + 10-3 pmol/1, « = 9; < 005, MannWhitney U test). However, there was no significant difference between the naloxone-treated disturbed and naloxone-treated undisturbed rats at this time, nor between the saline-treated disturbed and salinetreated undisturbed rats.
Effects of disturbance and of naloxone in non-pregnant rats The sampling procedure itself did not affect the measured levels of oxytocin. Eight samples taken from non-pregnant female rats at 10-min intervals showed no progressive change in oxytocin: in saline-treated undisturbed rats, oxytocin levels in the first sample were 24-8+ 7-9 pmol/1 compared with 29-5 + 5-8 pmol/1 in the eighth sample (n= 12). Nalox¬ one produced an immediate and significant increase in the plasma concentration of oxytocin in rats placed in a glass observation chamber (P<0-05; naloxonetreated disturbed rats vs saline-treated undisturbed rats; comparison of percentage differences, between the medians for each animal, of oxytocin levels measured in the two samples immediately before and the four samples immediately after naloxone or saline injection; a logarithmic transformation was applied to the raw data to reduce the effects of outlying values; Mann-Whitney U test). In undisturbed rats naloxone produced a smaller but still significant increase in oxytocin (P<0-01; naloxone-treated undisturbed rats vs saline-treated undisturbed rats) (Fig. 2) .
The disturbance alone produced no significant change in plasma oxytocin in the non-pregnant rats: levels in saline-treated rats were not significantly different between the disturbed and the undisturbed groups.
DISCUSSION
Recent experiments have shown that morphine, administered either peripherally or centrally, will interrupt parturition and depress oxytocin release (Cutting et al. 1985) in rats. This pro¬ longation of parturition produced by morphine can be overcome by oxytocin infusions (Cutting et al. 1985) . Environmental disturbance has previously been shown to prolong parturition in mice (Newton et al. 1966 (Newton et al. , 1968 and in rats (Leng et al. 1985) . The present results support the hypothesis that the prolongation of parturition following environmental disturbance is mediated, at least partly, by activation of endogenous opioid pathways.
Some behavioural stresses have been reported to reduce plasma oxytocin levels in primates (Kalin, Gibbs, Barksdale et al. 1985) , although severe stress produces increased oxytocin levels in non-pregnant rats (Lang, Heil, Ganten et al. 1983 ). In the present (12) Naloxone (13) -1-* Undisturbed Saline (13) Naloxone (12) Kofinas & Tavakoli, 1985) , and hypothalamic levels of ß-endorphin are increased towards the end of pregnancy in the rat (Wardlow & Frantz, 1983 Bicknell & Leng, 1982) , and at the neurosecretory cell bodies within the hypothalamus (Wakerley, Noble & Clarke, 1983; Bicknell, 1985) . Recent In women, anxiety is known to prolong labour and the level of anxiety is correlated with the requirement for oxytocin augmentation during delivery (Haddad, Morris & Spielberger, 1985) . There is also a correla¬ tion between extended labour and the plasma concen¬ tration of ß-endorphin (Thomas, Fletcher & Hill, 1982) -an opioid thought to be secreted from the adenohypophysis during labour in response to pain and/or stress. Furthermore, women who have a spon¬ taneous labour have lower plasma ß-endorphin levels than those women requiring either artificial rupture of membranes or oxytocin supplements (Thomas et al. 1982) . Anxious women are also more likely to require epidural anaesthesia (Haddad et al. 1985) , a treat¬ ment known to prolong the second stage of labour (Crawford, 1979) . This prolongation probably results from a weakening of both the power of the lower abdominal and pelvic muscles and reflex abdominal straining. Systemically applied analgesics can also prolong delivery, in this case by slowing the frequency of uterine contractions during labour -an effect observed both with morphine and the opioidlike drug pethidine (Pétrie, Wu, Miller et al. 1976 ).
There is therefore abundant circumstantial evidence to suggest that anxiety in women directly and indirectly suppresses oxytocin secretion to prolong labour. Current evidence leads to the conclusion that opioid mechanisms may be responsible for the suppression of oxytocin secretion during anxiety and/or stress in labour. It remains possible, however, that stress and endogenous opioids prolong parturition by partly independent mechanisms. We have previously sug¬ gested that opioids play a role in normal parturition in the rat to control the spacing of successive births (Leng et al. 1985) and, in support of this suggestion, we found in the present experiments that naloxone increased oxytocin levels in undisturbed rats as well as in disturbed rats, in confirmation of the results of Hartman, Rosella-Dampman, Emmert & SummyLong, 1986) . It may thus be anticipated that some of the facilitatory influence of naloxone upon parturition may not depend upon the presence of stress, but such facilitation may be more readily apparent during the prolongation of parturition by stress.
